Background: Although spinal magnetic resonance imaging (MRI) findings of neuromyelitis optica (NMO) have been described, there is limited data available that help differentiate NMO from other causes of longitudinally extensive transverse myelitis (LETM). Objective: To investigate the spinal MRI findings of LETM that help differentiate NMO at the acute stage from multiple sclerosis (MS) and other causes of LETM. Methods: We enrolled 94 patients with LETM into our study. Bright spotty lesions (BSL), the lesion distribution and location were evaluated on axial T2-weighted images. Brainstem extension, cord expansion, T1 darkness and lesion enhancement were noted. We also reviewed the brain MRI of the patients during LETM. Results: Patients with NMO had a greater amount of BSL and T1 dark lesions (p < 0.001 and 0.003, respectively). The lesions in NMO patients were more likely to involve greater than one-half of the spinal cord's cross-sectional area; to enhance and be centrally-located, or both centrally-and peripherallylocated in the cord. Of the 62 available brain MRIs, 14 of the 27 whom were NMO patients had findings that may be specific to NMO. Conclusions: Certain spinal cord MRI features are more commonly seen in NMO patients and so obtaining brain MRI during LETM may support diagnosis.
Introduction
Longitudinally extensive transverse myelitis (LETM) is defined as a hyperintense spinal cord lesion extending over three or more vertebral levels on sagittal T2-weighted (T2W) spinal magnetic resonance imaging (MRI). 1 Most patients with LETM encountered in routine radiology practice have limited available clinical information at the time of their spinal MRI interpretation, especially those presenting with myelopathy for the first time. Although LETM is accepted as one of the supportive diagnostic criteria 2 of neuromyelitis optica (NMO), there are other causes of LETM; such as infections, rheumatic disorders, sarcoidosis, dural arteriovenous fistula and multiple sclerosis (MS), to name a few that have diagnostic and treatment management different from NMO. 3 Differentiating NMO from other etiologies is clinically important, to provide early accurate treatment, and may prevent future attacks and avoid subsequent severe disability. [4] [5] [6] Brain MRI may help in the differential diagnosis of LETM. The brain MRI of a NMO patient is historically thought to be normal or non-specific, especially at the onset of the disease; however, the presence of certain lesions described as specific to NMO may differentiate NMO from other causes of LETM. [7] [8] [9] Thus, we retrospectively reviewed the spinal MRI of patients presenting with LETM, to investigate the most sensitive and specific findings to discriminate NMO at the acute stage from MS and other causes of LETM. We also evaluated the added value of brain MRI acquired during acute LETM.
Materials and methods

Patients
We collected the clinical data reviewed for this retrospective study from institutional review board (IRB)approved databases; additional permission was granted for publication. We retrospectively searched the radiology department's database of MRI spine studies conducted between 2002 and 2012, using the keyword 'myelitis'. A radiology resident reviewed the MRI reports and identified those patients with 'transverse myelitis longer than three vertebral segments' or with 'hyperintense spinal cord lesion extending over three or more vertebral levels' on their sagittal T2W spinal MRI. For the NMO patients, only spinal MRIs that showed transverse myelitis longer than three vertebral segments (thus, LETM) and that were obtained within 30 days after the clinical onset of their NMO were enrolled into the study. When available, we also reviewed any brain MRI obtained with the spinal MRI.
We excluded the following patients from our study: A set of 23 with the diagnosis of idiopathic transverse myelitis whom were without follow-up MRIs after 5 years and/or not tested for NMO-IgG, 13 patients whom were seronegative for NMO-IgG and were eventually diagnosed with NMO, six NMO patients with spinal cord MRIs obtained 30 or more days after clinical onset, 13 patients with artifacts that prevented evaluating the axial and/or sagittal spinal cord images (nine MS, three NMO and one bacterial meningitis patient), and one patient with compressive myelopathy whom was not tested for NMO-IgG.
The criteria for NMO diagnosis was based on the revised diagnostic criteria proposed by Wingerchuk et al. 2 in 2006. Only the patients whom were positive for serum NMO-IgG (either with the Mayo Clinic test, using an indirect immunofluorescence assay, or the Quest enzyme-linked immunosorbent assay (ELISA)) were included.
The diagnostic criteria for MS were based on the McDonald criteria 10 ; all patients fulfilled the 2010 McDonald criteria and carried a clinical diagnosis of MS. The specific diagnoses of other patients with LETM were made by using relevant diagnostic criteria and these diagnoses were verified with follow-up clinical documents and/or seronegativity for NMO-IgG. The diagnosis of vascular myelopathy was confirmed by spinal angiogram and included dural arteriovenous fistulas, spinal cord strokes and myelopathic venous hypertension. Rheumatologic diseases were diagnosed by recent clinical criteria and supported by negative serologic testing for NMO. Other infectious and granulomatous diseases were diagnosed with the appropriate laboratory tests and supported by seronegativity for NMO. The diagnoses of paraneoplastic myelitis and radiation myelitis were made by clinical history, laboratory tests and seronegativity for NMO.
Spinal MRI
At our institution, the MRI examinations were performed using either a 1.5T or 3T magnet from different manufacturers: Philips (Philips Medical Systems, Best, the Netherlands), GE (GE Medical Systems, Milwaukee, WI, USA), and Siemens (Siemens AG, Erlangen, Germany). A routine spinal MRI included a sagittal T1-weighted (T1W) sequence, sagittal and axial T2W sequences and a sagittal short tau inversion recovery (STIR) sequence. In this study, 88 patients underwent contrast imaging after intravenous administration of gadolinium-based contrast media.
All images were retrieved from our picture archives and communication system, and were retrospectively reviewed by two neuroradiologists. The two readers did not interpret the original studies and were blinded to the patients' clinical data, laboratory findings and the final diagnosis.
We evaluated the lesion localization, presence of brainstem extension and cord expansion on sagittal T2W images. On the axial T2W images, special attention was given to the bright spotty lesions (BSLs), similar or higher in signal intensity than cerebrospinal fluid (CSF), which were previously described by Yonezu et al. 11 (Figure 1 ). We also evaluated for preserved peripheral T2 hypointensity, the lesion distribution and lesion location on axial imaging. Lesion distribution was classified as: 'peripherally-located', 'centrally-located', or 'both centrally-and peripherally-located'. Lesions that were ⩾ 50% of the spinal cord area (transversally extensive myelitis) 11 were noted (Figure 2 , Figure 3 ). We also recorded the T1 signal intensity of the lesion. Lesions were defined as 'T1 dark' when the signal intensity of the lesion approached that of CSF on the T1W images ( Figure 1(b) ). We noted if the spinal cord lesions showed enhancement after the administration of intravenous gadolinium contrast material. Enhancement was classified as either 'present', which was subdivided as 'well-defined and homogeneous', 'ill-defined and heterogeneous', or 'not present' on the T1 post-contrast images.
Brain MRI
The brain MRI examinations were performed at either 1.5T or 3T magnet strength on scanners from different manufacturers. The MRI protocol included diffusionweighted images with calculated apparent diffusion coefficient (ADC) maps, T1W images, fast spin-echo T2W images, fluid-attenuated inversion recovery (FLAIR) images and contrast-enhanced T1W images. We classified brain MRI findings as: 'normal', 'nonspecific' and 'specific'. 'Specific' brain MRI findings reflect a specific illness and were classified as: 'MS-like', 'NMO-like' and 'other'. 'Other' was used to define brain MRI findings that were seen with an illness, such as ischemia and infection.
Lesions on the brain MRI were 'MS-like' when they fulfilled the 2010 McDonald MRI criteria ( Figure 4 ). 10 Lesions were 'NMO-like' when they were: Periependymal linear or patchy enhancement with blurred margins was accepted as typical to NMO. 6, 7, [12] [13] [14] [15] [16] Having two of the first three lesions and absence of 'Dawson's finger' type periventricular lesions and absence of juxtacortical lesions with/without associated typical enhancement were accepted as a 'NMO-like' finding ( Figure 5 ). Lesions that could be seen in NMO patients, but also in normal elderly patients (chronic small vessel ischemic changes), in MS patients (nonspecific corpus callosum lesions) and in ADEM patients (extensive cerebral lesions) were categorized as 'nonspecific'. [17] [18] [19] 
Results
Patient characteristics
Initial database inquiry of radiology reports yielded 818 spinal MRI scans with 'myelitis'; 160 patients fulfilled the criteria for LETM, i.e. either 'transverse Table 2 .
Bright spotty lesions on axial T2W images were the most distinctive finding of NMO in spinal MRI (p < 0.001). The presence of 'T1 dark' signal was also significantly higher in NMO patients. Lesions that involved ⩾ 50% of the spinal cord axial cross-sectional area and central localization were more frequently found in NMO patients. NMO patients with acute LETM more frequently had enhancement than all the other causes of LETM, including MS (p = 0.004); however, when we considered MS as separate group and compared the presence of enhancement among NMO, MS and other causes, the statistical analyses showed no significant difference. Enhancement patterns showed no significant differences. The sensitivity, specificity, PPV and NPV of the significant spinal MRI features for distinguishing NMO from other etiologies, including MS, are displayed in Table 3 .
Preserved peripheral T2 hypointensity of the spinal cord was statistically higher in NMO at the acute stage (p = 0.003), when we considered MS as a separate group, and compared preserved peripheral T2 hypointensity among NMO, MS and other causes of LETM. Lesion location (cervical, thoracic, etc.) on the sagittal T2W images was found to be distinctive, when we compared among NMO, MS and other causes of LETM. Brainstem extension and cord expansion were not significantly different between NMO patients and other etiologies of acute LETM.
Brain MRI findings
Of the 94 patients with LETM, 62 patients had a brain MRI on the same day or within 1 week of spinal MRI. Patients' brain MRI findings during LETM are summarized in Table 4 . Brain MRI findings specific to NMO, the so-called 'NMO-like' lesions, were found in 14 of 27 NMO patients (51.8%); 17 of 21 patients (81%) with MS had findings that fulfilled MS criteria with the so-called 'MS-like' lesions on their MRIs. One patient showed diffuse leptomeningeal enhancement and eventually was diagnosed with myelitis secondary to bacterial meningitis. One patient had findings of hypoxic ischemic injury with hyperintensity of the basal ganglia and cortex on FLAIR, hyperintensity on T1W images, and restricted diffusion. In this particular patient, the LETM was diagnosed as secondary to a spinal cord infarction.
Discussion
We retrospectively reviewed the spinal MRI of patients with LETM and found important distinctive features of NMO. The most useful MRI findings were: The presence of BSLs (either punctuate or as larger cavities) and T1 dark lesions, centrally-located or both centrally-and peripherally-located lesions, and a lesion involving ⩾ 50% of the cord area. The BSLs were recently described as the most striking NMO spinal MRI finding, when compared to MS (sensitivity: 88%; specificity: 97%). 11 According to our study, it was also found to be a specific finding (sensitivity: 64.6%; specificity: 89.1%) for not only differentiating NMO from MS, but also for differentiating NMO from all other etiologies of LETM. Our investigation compared NMO patients not only with MS, but also with other causes of LETM. An earlier diagnosis of NMO may be possible, with careful attention to the presence of BSLs and other above-mentioned features. Making an earlier diagnosis of NMO with the aid of distinctive MRI features may help prevent further disability, by allowing for early immunosuppressive treatment. 20, 21 T1 signal intensity of the lesion approaching that of CSF, 'T1 dark', was a relatively specific finding in our study and may be used in conjunction with the BSLs. Both these features probably reflect the same pathology: Early necrotic and cavitary changes, due to severe intrinsic cord damage in NMO. 11,22 T1 hypointensity was described in previous studies as being preferentially centrally located 23 and higher in prevalence in seropositive patients. 24 Because of the previously detected poor interobserver agreement in defining the T1 hypointensity in LETM patients, 24 we used the term 'T1 dark' to clarify the terminology regarding T1 signal intensity. We also noted some BSLs show corresponding T1 isointense signal, which might relate to a less severe cord injury.
Although NMO spinal lesions are known to be centrally-located and preferentially involve gray matter, 23, 25 we found the NMO lesions to be either centrally-located or both centrally-and peripherallylocated, in our study. The peripherally-located lesions may be a useful finding to discriminate the MS lesions from NMO.
Lesions occupying ⩾ 50% of the spinal cord axial cross-sectional area, the so called 'transversallyextensive lesion', have been reported to have a higher incidence in NMO patients than in MS. 11 This was also a distinctive spinal MRI finding in our study and it was highly sensitive in differentiating NMO from all other causes of LETM (93.8%), but it did not reach an acceptable specificity (30.4%).
Previous studies show contrast enhancement of the spinal cord lesions in both seronegative and seropositive NMO patients, during acute myelitis attacks, 26 with no significant difference between the NMO and MS patients. 11 Contrast enhancement, either welldefined and homogeneous or ill-defined heterogeneous, was significantly higher in NMO patients than all other causes of LETM, including MS, in our study. This may be due to acquisitions of images in the acute stage of the NMO, in our study. It has been described that the timing of the MRI acquisition influences the imaging findings 27 ; but when we compared the presence of contrast enhancement among NMO, MS, each as a separate group, and the other causes of LETM, we found no significant difference. T2 hyperintensity of the central cord with a preserved peripheral T2 hypointensity is reported more commonly in NMO, when compared to MS, as we observed in our study 25 ; but it can also be seen in other pathologies, and is not specific to NMO. 28 In our study, most of the NMO lesions were localized in the cervical, dorsal or cervicodorsal spinal levels. Almost none of the NMO and MS patients had LETM that was located only at the dorsolumbar level. Additionally, brainstem extension and cord expansion, which is thought to be specific to NMO 3, 29 and reportedly useful in distinguishing NMO from MS, was not found to be statistically significant. This likely reflected our inclusion criteria, as we enrolled not only MS patients, but also other causes of LETM, within 30 days after their clinical findings began.
Brain MRI revealed 14 additional NMO patients (51.8%) with LETM who had brain findings that might be specific to NMO, which is higher than has previously been reported. 5, 30 A previous study demonstrated brain MRI findings of three cases with NMO during acute relapses that were different from MS, and those lesions disappeared with time. 31 Given the importance of the brain MRI findings in differential diagnosis and potential reversibility of some lesions, 31, 32 obtaining brain MRI during LETM might give valuable information to diagnose NMO.
We acknowledge several limitations in our study. First, we excluded patients with acute LETM whom were seronegative to NMO-IgG and eventually diagnosed with NMOSD. Recently, antibodies to myelin oligodendrocyte glycoprotein (MOG) were found in NMO-IgG seronegative patients with clinically-definite and high-risk NMOSD. 33 In addition, with the increased sensitivity and specificity of the Mayo cellbased assay, more patients have proved to be NMO-IgG positive, when compared to other assays. Our goal was to include patients with definite diagnoses into our retrospective study, so that we could test for distinctive MRI criteria. Additionally, patients who were seropositive to NMO-IgG have been shown to be at high risk for relapse. 34 We also excluded patients with the diagnosis of idiopathic LETM whom had no clinical nor radiologic follow-up longer than 5 years and whom were not tested for NMO-IgG. It is difficult to be completely certain whether the LETM is monophasic without any follow-up; and furthermore, NMO can remit for years, and rarely, even for decades. 35 It seems unlikely to definitely differentiate idiopathic LETM from NMO, based on only MRI findings.
Second, our investigation was a retrospective study and its images were obtained with different scanner magnet strengths, which could affect the sensitivity. Third, due to the retrospective design of our study, most of the MS patients with LETM were not tested for NMO-IgG, but all of these patients had a followup, and over time, their clinical and radiological phenotypes were consistent with MS. Only five MS patients presented with acute LETM, while the others had slowly progressing flares; however, when they presented with their complaints and a spinal MRI was performed, multiple MS cord lesions had resulted in a longitudinally extensive diffuse increase in the cord signal on the T2-weighted images. MS patients diagnosed for more than 5-7 years tend to have more multiple, but diffuse, cord involvement that might look like LETM. Lastly, although we retrospectively evaluated almost all patients that had 'transverse myelitis longer than three vertebral segments' or 'hyperintense spinal cord lesion, extending over three or more vertebral levels' on the sagittal T2W spinal MRI, we still could miss some patients with LETM.
In conclusion, it is clinically important to differentiate LETM in patients with an acute stage of NMO from other etiologies, in order to initiate early immunosuppression therapy and prevent future attacks. BSL is a highly-specific finding, for not only differentiating NMO from MS, but also for differentiating NMO from all the other etiologies of LETM. Obtaining a brain MRI during LETM may help diagnosis and potentially help to guide an earlier initiation of therapy. 
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